Abstract -The accuracy and consistency of the delivery of ethanol to cultured cells is important to determine effects on morphologic, biochemical and physiologic alterations. Open and closed chamber systems were evaluated to determine cytotoxic vs sublethal, potentially teratogenic effects on neonatal rat cardiac myocytes.
INTRODUCTION
One of the most important features of the in vitro culture system is the reliability of the delivery of ethanol to the cells (Hurley et al., 1987) . This is especially true in experiments in which the cells are maintained for days to weeks to study cumulative or chronic effects of exposure (Scott et al., 1986) .
Numerous culture systems have been employed to study the effects of ethanol on different cell types for cytotoxicity (Walker et al., 1974; Seil et al., 1977; Morland and Bessensen, 1977; Scott et al., 1986; Acosta et al., 1986) , functional abnormalities (Okarama et al., 1972; Martinez et al., 1977; McCall and Ryan, 1987) and growth mechanisms (Syapin et al., 1976; Mashimo, 1985; Farley et al., 1985; Hassler and Moran, 1986) . The methods of delivery of ethanol to the systems are variable and dose concentrations critical for interpretation of results (Syapin and Noble, 1979; Butler et al., 1985; Acosta et al., 1986; Hassler and Moran, 1986; Hurley et al, 1987; McCall and Ryan, 1987) . Some report ethanol-induced alterations, but some do not clearly address the methods to assure accuracy and constancy of delivery (Farley et al., 1985) . Careful attention must be paid to the physiochemical properties of ethanol including volatility at physiologic temperatures.
The utility of delivering exact concentrations of ethanol to cells in open and closed chamber systems are compared. The closed chamber system in which a bath of ethanol and water is used, is advantageous for the delivery of ethanol to cultured cells in a variety of culture vessels enabling the study of teratogenic effects and other cellular events. Time-dose manipulations are easily effected with the system allowing for delivery of the ethanol at a specific phase of the cultured cell growth cycle.
MATERIALS AND METHODS
The closed chamber system consisted of air tight 24 x 16 x 6 cm plastic containers. A metal platform was placed in the container above a bath of ethanol-water. Multiwell culture chamber slides (Miles Scientific), multiwell chambers (Corning), and Petri dishes containing primary cultured myocytes were placed on the platform.
The chambers were used to assess the effects of ethanol at 5, 10, 25 or 50 mM concentrations. For the first 24 hr ethanol was added to the bath at 200% of the desired value, i.e. 10, 20, 50 and 100 mM, respectively. For each 24 hr period thereafter, ethanol was added at the 5-50 mM concentrations to both the culture medium and bath for up to 15 days. Control cultures were grown and maintained in closed chambers but without the addition of ethanol to media or bath.
Myocytes were harvested and cultured from neonatal Sprague Dawley rat pups as previously reported (Moses and Kasten, 1979; Adickes and Mollner, 1987) . Cultures were maintained in the chambers in a 37°C incubator for up to 15 days with daily media-ethanol and bath-ethanol changes. Ethanol concentration determinations were performed on all mediaethanol and bath-ethanol samples before and after each 24 hr period to assure accurate delivery. HEPES buffer at 40 mM concentration was added to the growth media of both control and ethanol treated cultures to aid in the maintenance of normal physiologic conditions. Cell growth and development were assessed by morphologic examination and population studies. Random preselected fields on the culture vessels were observed and viable and nonviable cells counted employing the trypan blue exclusion method. Comparisons were made between direct and acclimated exposures to determine lethal versus survival parameters. Significance was tested by Student's Mest.
The open system employed the use of culture dishes and slides without the use of chambers. Otherwise, control and ethanol-exposed cultures were grown as in the closed system. Ethanol was added to the media at the same concentrations as for the closed chambers discussed above. Cultures were maintained in a 37°C incubator at 100% humidity and 10% CO 2 . Ethanol levels in the open and closed systems were compared to ascertain which method for delivery was constant, reliable and reproducible. All ethanol determinations were performed on both a DuPont ACA analyzer using the NADH enzyme method (Bergmeyer, 1965; Bonnichsen and Lundgren, 1957 ) and a Hewlett Packard gas chromatograph using the gas head space method (modification of Eriksson et al., 1977) and compared for reproducibiliry and accuracy.
RESULTS
In the open chambers at 5, 10, 25 and 50 mM, ethanol concentrations in the media decreased by 60-80% of the original concentration in a 24 hr period (Fig. 1) . Repeated doses at 24 hr intervals showed similar loss over the subsequent 24 hr period. The loss of ethanol from the media was consistently reproduced. Growth characteristics for the control cultures were similar to those previously reported (Moses and Kasten, 1979) .
When ethanol was added to the bath only in a closed chamber system (no ethanol in the media) the media accumulated approximately 50% of the bath ethanol concentration in a 24 hr period (Fig. 2) . In several manipulations of ethanol concentrations and timing in both the bath and the media a final closed system was developed to assure constant delivery of ethanol to the cells in the cultures. In the final experimental treatments, ethanol at 200% of the desired media level was added to the bath for the first 24 hr period: it was not added to the media. Ethanol accumulated (diffused) into the non-ethanol containing media slowly, at a constant (linear) rate over the 24 hr period to the desired level of exposure. Example: for the 25 mM system, 50 mM ethanol-water bath was used. At 2, 4, 6, 18 and 24 hr, media samples showed a linear increase to the desired 25 mM level (Fig. 3) . Thereafter, media-ethanol and bath-ethanol concentrations were given at 25 mM each. Similar data were obtained for 5, 10 and 50 mM exposures. The growth characteristics of the control cardiac myocytes were not altered in the closed chambers compared to controls grown in other experiments using primary myocardial cell cultures without chambers. The HEPES buffer maintained physiologic pH and supplanted the need for the 8-10% CO 2 required by these cells. Cell growth, spontaneous contractions and myofilament development were consistent with those to that previously described (Moses and Kasten, 1979 Cell counts between 0, 10 and 50 mM ethanol-exposed cultures in the open chambers were not significantly different. Loss of ethanol from the media (Fig. 1) resulted in low levels of ethanol which did not contribute to cytolethality. Because of the lack of reliability of ethanol levels, experiments were not pursued with the open system.
Growth and morphologic development of myocytes were compared with both direct and acclimated ethanol exposures in the initial 24 hr incubation in the closed system. Cell counts in 10 and 50 mM acclimated chambers were not significantly reduced compared to controls. Viability was reduced 6-16%. Cells exposed directly to 10 and 50 mM ethanol without acclimation showed marked reduction in populations after the initial 24 hr, and remained low. All values were determined significant by the Student's /-test (Fig. 4) .
Ethanol determinations were compared by the enzymatic reaction of reducing NAD-* NADH on a Dupont ACA analyzer and gas head space method on an Hewlett Packard gas chromatograph. The concentrations of paired samples were within 5% error using both of these methods. After repetitive paired testing, the ACA analyzer was used to assess media and bath ethanol levels because of ease of use, reliability and cost effectiveness. At 48 hr, there is delayed growth in 10 and 50 mM acclimated cultures (P < 0.01) and 10 and 50 mM direct exposed cultures (P < 0.001) compared to controls. Comparison of acclimated vs direct exposed cultures at 24 hr for each ethanol concentration are not significant, but at 48 hr, acclimated vs direct exposed cultures for 10 mM is P < 0.01, and for 50 mM P< 0.05.
DISCUSSION
The data presented indicate that ethanol exposure to cell cultures in the closed chambers is reproducible and reliable. We have shown that in an open system at 37°C in a standard incubator more than 60% of the ethanol is lost in a 24 hr period. If multiple experimental concentrations are used in an open system simultaneously, absorption of ethanol into the media of controls or cultures of lesser concentrations may occur (Acosta et al., 1986) .
The closed chamber is an excellent tool in which non-lethal effects of ethanol may be induced on developing cells. Several manipulations were studied to arrive at the concentrations reported. Bath concentrations of greater than the 200% level for the first 24 hr create a media concentration greater than desired, but may be used for shorter time periods to effect a more rapid acclimation in the media. The reverse is true for lesser concentrations. There was significant cytolethality when 10, 25 and 50 mM ethanol concentrations were added directly to the media containing cells in the initial 24 hr period. The neonatal myocytes seem to be particularly vulnerable to ethanol at this early stage of their growth. This aids in the distinction between cytotoxic and teratogenic effects.
The size of the chamber also affects concentrations as does the number of culture dishes/ slides, i.e. volume of media and bath. Our data show that 200 cm 3 in the bath and up to 20 cm 3 of media in a number of chambers allows for maintenance of desired concentrations within less than 5% variation. HEPES at the 40 mM concentration maintained the pH of the media where CO 2 was not available. The chamber system described appears to maintain ethanol levels as accurately as previously reported (Acosta et al., 1986) . It also accounts for variations of loss of ethanol and the importance of transfer of ethanol to other culture vessels in the same incubator (Hurley et al., 1987) . Multiple closed chambers with different ethanol concentrations can be run simultaneously in the same incubator without risk of acquiring even trace amounts of ethanol vapor in other cultures including controls. The utility of the closed system presented is expandable to the use of other toxins or teratogens which may be more volatile than ethanol, e.g. acetaldehyde.
Ethanol effects on different phases of cell growth are consistently reproducible. The closed chambers are acceptable in any culture system in which tissue culture dishes or slide chambers are used. The fastidious nature of myoblasts is not compromised in the closed chamber. Little cellular debris, indicative of cytolethal effects, was observed in any of the cultures.
It is extremely critical that results of ethanol teratogenicity studies are constant from one investigator to another. Most important are the timing, duration, and consistency of exposure. The understanding of teratogenic effects requires careful attention to the delivery of ethanol. These initial studies demonstrate that the system allows for accurately determined exposures. These exposures may be constant, or may be manipulated at critical times in cell growth and development.
